Abnormalities of posture are a common cause of pain and disability. Objective measurement systems for postural evaluation are not widely accessible in the UK especially on the National Health Service. Within physiotherapy practice one of the most common methods of assessing posture and/or back shape is by visual observation which is prone to error and lacks objectivity. The study has sought to produce normative values for back shape and posture indices in young asymptomatic adults. A convenience sample of 100 Teesside University (TU) students were recruited. This study used a 3-D Digitizer. Data was analyzed using SPSS. The acromion and the inferior scapular angle in the dorsal frontal plane differed between the right and left shoulders of the back in females. The distance between the inferior angle of the scapula and the apical thoracic vertebrae also differed. No other statistically significant differences were found in distances between key landmarks. Overall young adults are very symmetrical. Frontal plane angles showed that overall healthy young adults have relatively straight spines. The left inferior angle of the scapula in females was found to be rotated anteriorly in comparison to the right shoulder. Results will provide a normative database for clinicians who routinely assess back posture.
Introduction
Abnormalities of back shape and posture are a common cause of pain and disability with the range of effect from discomfort to incapacitating disability being related to both the severity as well as to the persistence of the faults [1] . While the terms "back shape" and "back posture" are sometimes used interchangeably it is important to be clear of what precisely is meant by each term. The focus of the term "posture" is on muscular and skeletal balance as seen from the definition provided by the American academy of orthopedic surgeons. The society define "good" posture as "that state of muscular and skeletal balance which protects the supporting structures of the body against injury or progressive deformity irrespective of the attitude [sitting, lying erect] in which these structures are working or resting." Under such conditions the muscles will function most efficiently and the optimum positions are afforded for the thoracic and abdominal organs [2] ."
The focus of the term "back shape" on the other hand is on the back surface and generally refers to the surface topography of the back. "Topography [from Greek topo-, "place," and graphia, "writing"] is the study of the back's surface shape and includes the measurement of parameters that may or may not be similar to those measured for back posture." For instance, thoracic kyphosis and lumbar lordosis are usually measured when assessing both back shape and back posture.
The measurement of the surface equivalent of the spinal curvature [Cobb angle] in the frontal plane, however is usually measured solely during the assessment of spinal deformities within orthopedic clinics or private practices. A further key difference is that different professional health practitioners traditionally use different terminologies. Spinal deformity clinics within orthopedic medical practice generally refer to back shape whereas within physiotherapy practice the term 'posture' is usually the term of choice.
The assessment of back shape and posture is common practice in a number of disciplines within rehabilitation [1] . Within physiotherapy practice one of the most common methods of assessing posture and/or back shape is by visual observation of standing posture as viewed from the back and sides and is a routine part of all back assessments for patients with low back pain and/or spinal dysfunctions. Kipling et al. [3] in a survey on Common methods of assessing posture in Physiotherapy practice, found that up to 82% of physiotherapists reported using observation alone to evaluate patients posture.
A more recent survey was developed very recently in 2016 by Johnson et al. [4] who created the "The Postural Assessment Survey." The authors surveyed a group of manual therapists (chiropractors, physical therapists, osteopaths and sports therapists) to ascertain whether or not they actually used postural assessment within their practice, and if so what type of assessment they used. 432 therapists answered the question about which method of postural assessment they used. The large majority of therapists (98.15% n = 424) said that they used visual postural assessment.
Back shape/postural assessment is also part of the clinical examination for patients with spinal deformities in musculoskeletal clinics. Within Physiotherapy and Orthopedic clinical settings, the parameters evaluated may differ. Physiotherapists primarily evaluate asymmetries in standing back posture at four key areas; the shoulder level, scapular level, pelvic level and the posterior superior iliac spines (PSIS) levels [5] . In the orthopedic setting however the assessment of back shape and posture is predominantly focused on the assessment of the skeletal measurement of spinal curvature on x-ray together with the measurement of the maximum trunk inclination values in forward bending [5] .
Normative values of back shape and posture values may assist in classifying back shape types and provide normal ranges of different back surface parameters for the purpose of research or clinical decision making.
Two key studies in this area are those by Bettany-Saltikov [6] and Duff and Draper [7] . Bettany-Saltikov conducted a study evaluating normal back shape in young adults using the Integrated spinal imaging system (ISIS1). This is an optical computer system that is able to measure the 3D surface topography of the back. We were able to produce a representative scan for the interpretation of the back shape for all participants included in the study. This study found a mean thoracic kyphosis of 24.9 mm (median 24 mm, deciles: 6.8-47.2 mm). The thoracic kyphosis values found in this group of young adults are very similar to the children in Duff and Draper's study [7] who reported a median value for thoracic kyphosis of 27.8 mm (17-40 mm).
Carr et al. [8] reported these values in degrees and therefore values were not directly comparable. In this study the mean lumbar lordosis was 14.9 mm (median 14 mm). The lumbar lordosis values were found to be greater in Saltikov's study [6] that evaluated young adults compared to the Duff and Draper study (median 9 mm) that evaluated children. This suggests the possibility that lumbar lordosis may increase during growth from young adolescence to young adulthood. Carr et al. [8] however reported no significant differences in lumbar lordosis angles between children and adults. It is possible that these changes may be due to variables such age, race and other population differences.
Duff and Draper [7] conducted a survey of back shape in children using the Integrated spinal imaging system (ISIS1). with a sample of 105 boys and 101 girls, with an age range of 12.28-13.69 years. It was noted by the authors that these parameters were specific to the age group of the subject's used. Duff and Draper [7] also commented on the need for a standardized value for what should be considered a "normal" degree of back shape and spinal curvature that may be used as a reference against which back posture and shape parameters can be measured in young teenagers. A further problem with regards to the quantification of back shape is that no boundaries of "normality" have been established that are universally accepted. Sahrmann [9] comments on the need for establishing normative values with standard deviations for spinal curvature that would benefit the analysis of extreme variations of spinal alignment and better inform the clinician as to the nature of the condition as a whole. However, in the literature while numerous spinal deformities have been defined, sparse information is available on the quantification of normal back parameters in standing. Kawchuk and McArthur comment that the primary limitation in the study and treatment of scoliosis is the lack of an accurate, reliable, convenient and completely safe form of scoliosis quantification [10] . Indeed, normative data of standing back shape and posture for comparison and reference in young adults is not currently available.
Objectives 1.
To identify the limits of normality and symmetry/asymmetry of back shape and posture in a group of healthy young male and female subjects (i.e., to establish normative reference values).
2.
To evaluate the symmetry/asymmetry between key anatomical landmarks and distances between the left and right sides of the back in normal young female and male subjects.
3.
To compare back shape and posture in normal young males and females.
Materials and methods

Subjects
A convenience sample of 100 TU students were recruited for this study (n = 59 females and 41 males). Their ages ranged from 18 to 40 years old. Subjects were excluded if they had any lower limb or back injury that prevented the subject standing for the duration of data collection, any vestibular problems that prevented the subject maintaining normal balance for the duration of data collection or a known allergy to self-adhesive stickers when in contact with the skin. Ethical approval was granted by Teesside University School of Health and Social Care ethics committee.
Instrumentation
The Middlesbrough Integrated Digital Assessment System (MIDAS) (Figure 1 ) is a tool for acquiring a static 3-D computer recording of a physical object. A counterbalanced mechanical arm has optical sensors in each joint for X, Y, Z coordinate awareness with a mean accuracy of 0.23 mm. A footplate was created with marks to standardize foot position and a chart was placed on the wall in front of the subject with markers to focus on [11] [12] [13] .
Through assessment with an anatomical mannequin this system demonstrated very high intra-rater reliability (ICC > 0.999, p < 0.0001) [12] , with a sample of 50 human subjects (r = 0.92-0.99, p < 0.001). Further intra and inter rater reliability were also found excellent when evaluated by McAlpine et al. [14] . Additionally previous work has found improvements
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in repeat measurements with foot and vision standardization [10] . The MIDAS was placed on an adjustable tripod for positioning and connected via a serial port to a laptop PC for data storage. A set of scales and a stadiometer were used to obtain weight and height measurements of subjects.
Procedure
Subjects read the subject information sheet and after consenting to participate were attired so that their back was visible for landmark identification. Subjects stood and fixed their vision to a point on a wall chart, in agreement with other studies of postural assessment tools [14] . The landmarks used were identical to those used in previous MIDAS studies [11, 15] . Landmarks were identified as shown in Table 1 . Selection of anatomical landmarks.
The landmarks above were carefully chosen from current clinical methods, back shape studies as well as studies related to spinal deformities [16] . The intention was to produce a map of the back for cervical, thoracic and lumbar regions that enabled the two sides of the back to be identified and produced a "normal" back shape profile in three dimensions. To date it is still unclear what "normal" back shape is although attempts have been made in school children [8] . The spinal vertebrae chosen were those at the ends of the apices of each curve, i.e., VP TA and T12 in the cervical thoracic and lumbar regions. For landmarks on either side of the back, bony points were chosen that were as far from the spine as possible to enable a total picture of back shape to be produced. It needs to be remembered that this is a work in progress and changes could be made in future in response to the results obtained.
Data collection involved the tester touching the MIDAS stylus tip to each of the marked points in a standardized order dictated by the software and pressing the foot pedal of the MIDAS to store the position on the computer. Data was analyzed using the Statistical Package for Social Sciences (SPSS) version 23. 
Results
Frontal plane values
Mean distances between key anatomical landmarks in male and female subjects
In the frontal plane, the mean distances between key anatomical landmarks can be seen in Table 2 . The only statistically significant differences found between the two sides of the back in females were the distances between the acromion and the inferior scapular angle; with the right side distance (AR-SR) being significantly smaller than the left side distance AL-SL as seen in Figure 2 . The other statistically significant difference found was between the inferior angle of the scapula and the apical thoracic vertebrae. For this parameter the right side distance (TA-SR) was significantly greater than the left sided value (TA-SL). No other significant differences in the distances between key anatomical landmarks between the left and right sides of the back were found. Further no significant differences were found for all key anatomical landmark distances in male subjects between the two sides of the back. The mean female and male distances and standard deviations on the left and right sides of the back can be seen in Tables Table 1 . Key to standing back anatomical landmarks measured.
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Differences in female and male height values between the left and right sides of the back for key anatomical landmarks in the frontal plane
The set of values below Table 3 refers to the differences in height levels between specific key anatomical landmarks on the two sides of the back. The only significant differences found were at the level of the shoulders; The left shoulder acromion was significantly higher than the right (AL > AR). Otherwise no other staticatically significant differecnes were found at the levels of the inferior scapular angle, the iliac crests and the PSIS. In males there were no stat sign difference at any level, however at the PSIS level the left PSIS showed a trend toward being higher than the right PSIS
Dorsal frontal plane spinal angles
The mean frontal plane angles values showed that overall healthy young adults have relatively straight spines. The mean thoracic curvature value was +2.38° and the mean lumber curve was +1.65°. Table 2 . The distance between the acromion and the inferior scapula on the left side is statistically longer than the right side and the distance between the inf. angle of the scapula and the apical thoracic vertebrae on the right side is significantly longer on the right side than on the left side. 
Horizontal plane values (rotation)
The left inferior angle of the scapula in females was rotated forward in comparison to the right shoulder. No other statistically significant differences at the acromium, iliac crests or PSIS were found (see Table 5 ).
Sagittal plane values for female and male subjects
The mean thoracic kyphosis angle was 29.37 + 3.94° and the mean lumbar lordosis angle was -37.7. Distance between the thoracic apical vertebra and the 12th Thoracic vertebra 227.9 ± 32.6 241.1 ± 40.6
Distance between the 12th Thoracic vertebra and the lumber apical vertebra 90.5 ± 29.6 88.9 ± 40.7
Distance between the lumbar apical vertebra and the sacral point 89.5 ± 25.8 96.3 ± 27.5 Table 4 . Normative values for the mean spinal distances between spinal anatomical landmarks in the frontal plane for female and male subjects.
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Discussion
The purpose of this study was to produce normative data for asymptomatic standing back shape and posture in young adults, against which significant postural deformity could be defined. Although numerous commercial optical and computer systems are available [17] [18] [19] [20] data on normal adolescent and adult back shape have so far been scarce [12, 13] . This will affect the clinical certainty with which we can establish an observed spinal curve as abnormal and therefore be able to initiate appropriate treatment.
Overall young adults in the current study were very symmetrical. The mean distances between the left and right sides of the back and the average values were calculated. Overall only the distance between the scapula and the acromion process was significantly smaller on the right side than the left side of the back. It is possible that this is related to the fact that most subjects were right handed and asymmetry can be related to the upper limb dominance influence. In a typical posture pattern the right shoulder is lower than left in right-handed people [1, 21] . Additionally, as the body is not perfectly symmetrical, some deviations may have no clinical implications [5] .
"Normal" standing posture is generally described as one with a straight back and no trunk asymmetries [22] . Comparison between studies using quantitative results is difficult because of the wide diversity of tools used within other studies. A further challenge is that different quantitative variables have been measured in different studies through different approaches; for example, the different back shape instruments that have been used in previous studies, such as non-tactile optoelectronic systems like the formetric and ISIS2 systems where a light beam is shone onto the back [23] [24] [25] . The microscribe digitizer used in this study is a tool for acquiring a static 3-D computer recording of a physical object based on optical sensors in each joint of the instrument and is capable of measuring all three X, Y, Z coordinates. The methods for measuring angles or distance used by these different systems has meant that comparison of "normal" values between different systems is very difficult as the individual parameters are calculated in different ways.
With regards to the methodological aspects of this study, the sample size of 100 individuals comprised a homogenous population of young adults. The results have provided a template or framework of the range and limits of normative values for specific back variables of young adults in a standing posture. We acknowledge that a hundred subjects is not usually considered to be a large sample size and agree that a larger sample size of a few hundred subjects would have increased the external validity of this study (the degree to which the results can be transferred to the general population of young adults).
The other statistically significant difference was the distance between the inferior angle of the scapula and the apical thoracic vertebrae. For this parameter the right side distance was significantly greater than the left sided value. No other significant differences in the distances between key anatomical landmarks between the left and right sides of the back were found in females.
For male subjects however no statistically significant differences were found between the left and right sides of the back for all the key anatomical landmark distances. To the best of our knowledge no similar studies using the Microscribe have been conducted that have measured similar variables so it was not possible to compare the results of this study with previous studies.
In the frontal plane the key difference in height levels between specific key anatomical landmarks on the two sides of the back was at the level of the shoulders; the left shoulder acromion was found to be significantly higher than the right. Further, no statistically significant differences were found at the levels of the inferior scapular angle, the iliac crests and the PSIS. In males there were no statistically significant differences between the two sides of the back. However, at the PSIS level, the left PSIS showed a trend toward being higher than the right PSIS.
With regards to the measurement of the frontal plane spinal angles, the mean frontal plane angles values showed that overall healthy young females have relatively straight spines. As stated previously, in this current study the mean thoracic curvature value was +2.38° and the mean lumbar curve was +1.65°. This supports the textbook "Ideal" of adults having a relatively straight spine [1] . These results however differ to the results we obtained previously using the surface topography equipment ISIS to measure a similar cohort of young adult students [6] . In this study, the mean thoracic curvature value found was 16.1° + 6.9° and the mean lumbar curvature value was 13.4° + 6.9°. It is the authors belief that the differences in values obtained from the ISIS2 scanner and the microscribe digitizer are due to the fact that the ISIS2 scanner has previously been shown to overestimate the magnitude of small curves [26] .
In our study and in this population of young asymptomatic adults we found a mean thoracic kyphosis of 29.37° and lumbar lordosis of −37.7° in the sagittal plane. These values support the values provided by the Scoliosis Research Society who suggest that the normal range of thoracic kyphosis is between 20 and 40° on X-ray measurement [18, 26] . Our results also support the study by Betz [27] who found that the normal range for lumbar lordosis on X-ray ranged between −20 and −60°. Propst-Proctor and Bleck and Stagnara et al. evaluated the sagittal profile of a group of normal subjects aged 20-29 years old [28, 29] . The mean values of thoracic kyphosis ranged from 30 to 50° and the mean values of lumbar lordosis was calculated to be 55° which was greater than the lumbar lordosis in our group of subjects.
Bernhardt and Bridwell [30] conducted a segmental analysis of sagittal plane alignment of the normal thoracic and lumbar spines as well the thoracolumbar junction on X-rays. Within this study a wide range of healthy subjects (n = 102) aged between 5 and 29 years old were included. The authors reported a mean value of thoracic kyphosis at 40°, and mean of lumbar lordosis at −44°. While the thoracic Kyphosis in our study support the results obtained in the Bernhardt study, the lumbar lordosis reported in the Bernhardt study is much higher than the mean lumbar lordosis in our study. This may possibly be attributed to the fact that Bernhardt study included a wide range of ages comprised of children, adolescents and adults.
Limitations
The Microscribe is a manual measurement tool and although is very easy to use in a research setting it is not really ideal to use in a clinical setting at the current time. More research as well as instrument development is needed before this Microscribe can be used within a clinical setting. It should be particularly well suited to use in small clinical units owing to its simplicity of operation, size and cost. In today's climate of evidence based medicine there is an increasing emphasis on objective assessment to monitor treatment effectiveness. Our results stress the need for clinicians to objectively assess back shape and posture in three dimensions, as our study shows that changes in one dimension are associated with changes in other dimensions.
Future studies should focus on measuring normal back shape and posture throughout the life cycle as well as evaluating the effectiveness of different management strategies on back shape and posture. This is necessary to provide a positive shift toward a more objective and evidence based profession. More work is necessary to determine an appropriate set of clinically relevant measures to be implemented for use in clinical practice.
Conclusions
Ranges for normality of back shape and posture suggest that overall young asymptomatic males and females are very symmetrical, with the exception of shoulder values in young females. The normative ranges provided should help clinicians decide when postural retraining exercises or conservative treatment is warranted.
The results will also provide a normative database for clinicians (physiotherapists, chiropractors, spinal surgeons) who routinely assess back posture. Additionally, this method of assessment will provide an evidenced based objective alternative to other crude methods of assessment or just "eyeballing" back posture during clinical evaluation. Accurate recording of intervention or efficacy of treatment, if scientifically based on reliable measures can be used to credibly validate treatment effectiveness.
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